1. Introduction {#s0005}
===============

Pancreatic cancer is a digestive system cancer that is highly malignant and difficult to diagnose and treat, and the number of new cases is increasing worldwide. T-cell immunoglobulin and mucin domain 3 (Tim-3) expression is observed to be related to gastric, colorectal, and ovarian cancers, as well as renal cell carcinoma ([@b0005], [@b0010], [@b0015], [@b0020]). However, to what extent Tim-3 is related to pancreatic cancer has not yet been reported. The aim of the present study is to compare Tim-3 expression in pancreatic cancer and pericarcinous tissues to determine the relationship of Tim-3 expression with the clinicopathological features of pancreatic cancer. Tim-3 is analyzed to determine the occurrence and development of pancreatic cancer, and to assess its role and clinical value in the diagnosis, treatment, and prognosis of pancreatic cancer.

2. Materials and methods {#s0010}
========================

2.1. Clinical data {#s0015}
------------------

Carcinous and pericarcinous pancreatic tissues (5 cm from the lesion and free of cancer confirmed by pathology) were obtained from fifty patients who had undergone pancreatoduodenectomy. Six normal pancreatic tissues were obtained from the pathological specimens of traumatic patients. Both samples were obtained in our hospital between January 2016 and January 2017. All patients had complete medical records and had not undergone any radiochemotherapy before surgery. The subjects included 30 males (60.0%) and 20 females (40.0%), aged 41--72, with a median age of 55.06 ± 7.99. We obtained signed consent of the patients or their family, and the study and was approved by the Ethics Committee. The pathological stage of tumors was based on the American Joint Committee on Cancer (AJCC), TNM Stage of Pancreatic Cancer. The clinical data of patients included: gender, age, history of smoking, HP infection, tumor size, tumor location, TNM stage, pathological type, degree of tumor differentiation, lymphatic metastasis, vascular tumor thrombus, CA199, and so on.

2.2. Experimental reagents {#s0020}
--------------------------

Calretinin TIM-3 antibodies were purchased from Abcam (*list location*). Goat anti-rabbit secondary antibodies labeled by HRP and DAB immunohistochemistry kits were purchased from Beijing Zhongshan Jinqiao Biological Technology Co., Ltd.

2.3. Immunohistochemical method {#s0025}
-------------------------------

Conventional immunohistochemical methods ([@b0025]) were as follows: pancreatic cancer and pericarcinous tissues were obtained from 50 cancer patients and six normal pancreatic tissues were prepared for sectioning. Tissues were embedded in paraffin, sliced, and dewaxed. Slices were immersed in PBS and 50 µl 0.3% H~2~O~2~ was added for PBS washing; added with serum for closing, and incubated at 37 °C for 20 min; added with primary antibodies (with a 1:300 dilution ratio) respectively, and incubated at 37 °C overnight. After PBS washing, secondary antibody working solutions were added and incubated at 37 °C for 30 min. Color was rendered with DAB and sections were dewatered and dried in turn after being counterstained with hematoxylin and affixed with neutral gum. Scoring was conducted in relation to two variables: staining intensity and the percentage of positive cells. For staining intensity, the following scoring was used: negative if the intensity of staining was 0 point; weakly positive intensity was given 1 point; moderately positive intensity was 2 points; strongly positive staining was 3 points. For the percentage of positive cells, the following scoring system was used: 0 point if there was no positive cell; 1 point if positive cells were \<25%; 2 points if positive cells were 25--50%; 3 points if positive cells were \>50%; negative (−) if the sum of two scores was 0 point--2 points; weakly positive (+) if the sum of two scores was 3 points--4 points; moderately positive (++) if the sum of two scores was 5 points--6 points; strongly positive (+++) if the sum of two scores was 7 points--9 points.

2.4. Statistical treatment {#s0030}
--------------------------

Statistical analysis of the experimental data was carried out using SPSS 20 statistical software, and the counting data were tested with χ2. The survival curves were displayed and tested using a Kaplan-Meier method and Log-Rank test, respectively. The independent features affecting patient prognosis with pancreatic cancer were screened using a Cox proportional hazard regression model. (P \< .05) indicated a difference considered statistically significant.

3. Results {#s0035}
==========

3.1. TIM-3 expression in pancreatic cancer and pericarcinous tissues {#s0040}
--------------------------------------------------------------------

Immunohistochemistry showed that positive Tim-3 expression occurred mostly in the cytoplasm, less in the nucleus, and was almost nonexistent in the cell membrane. Tim-3 expression in pancreatic cancer tissues was strongly positive: 10% (5/50); moderately positive: 50% (25/50); weakly positive: 12% (6/50); negative: 28% (14/50). In contrast, Tim-3 expression in pericarcinous tissues was strongly positive: 16% (8/50), moderately positive: 8% (4/50); weakly positive: 4% (2/50); negative: 72% (36/50). These differences were observed to be statistically significant (P \< .01) ([Fig. 1](#f0005){ref-type="fig"}). These results were analyzed using the Mann-Whitney test ([Table 1](#t0005){ref-type="table"}).Fig. 1Tim-3 Expression in three kinds of tissues, ×20, ×40. A: Normal pancreatic tissues; B: Pancreatic cancer tissues; C: Pericarcinous tissues.Table 1Expression of Tim-3 in pancreatic cancer tissues and pericarcinous tissues.Tim-3 expression(+++)(++)(+)(−)ZPPancreatic cancer tissues525614−3.399.001Pericarcinous tissues84236Normal pancreatic tissues24----  Total14291054

3.2. Relationship between Tim-3 expression and the clinicopathological features of pancreatic cancer {#s0045}
----------------------------------------------------------------------------------------------------

The relationship between Tim-3 expression and the clinicopathological features of pancreatic cancer is shown in [Table 2](#t0010){ref-type="table"}, According to the Chi-square test, Tim-3 expression was observed to be closely related to a history of smoking, fasting, blood glucose, tumor size, TNM stage, and CA199. However, it was not observed to be related to gender, age, tumor location, pathological type, or degree of tumor differentiation.Table 2Relationship between the expression of Tim-3 and the clinicopathological features of pancreatic cancer.ParameterGroupNo.Tim-3χ^2^*P* value(+)(−)GenderMale302190.149.700Female20155  Age≥504030100.304.581\<501064  History of smokingYes342864.158.041No1688  Fasting blood glucose (mmol/L)\<6.1383175.363.021≥6.11257  Tumor size (cm)\>2232127.873.005≤2271512  Tumor locationHead of pancreas352780.304.581Non-head of pancreas1596  TNM stageIII-IV125910.322.001I-II38315  Pathological typeDuctal adenocarcinoma other4635112.567.109413  Degree of tumor differentiationModerately and poorly differentiated4534111.334.248Well differentiated523  CA199 (μ/ml)\>37403378.488.004[\<]{.ul}371037

3.3. Relationship between Tim-3 expression in pancreatic cancer tissues and prognosis {#s0050}
-------------------------------------------------------------------------------------

The overall median survival time of the 50 cancer patients was 10.3 months. Among the 36 patients that showed positive Tim-3 expression, 8.2 months was revealed as the median survival time. The 14 patients that showed a negative Tim-3 expression were observed to have a median survival time of 15.5 months. The differences between them was observed to be statistically significant (Log-rank test, χ^2^ = 13.869, P = .000) ([Fig. 2](#f0010){ref-type="fig"}).Fig. 2Survival curves of 50 pancreatic cancer patients with different TIM-3 levels are shown. Kaplan-Meier survival curves for positive expression of TIM-3 group were significantly different (log-rank test, χ^2^ = 13.869, P \< .001) from the negative expression group.

The independent features affecting patient prognosis with pancreatic cancer, such as Tim-3 and TNM stage, were screened by a Cox proportional hazard model (χ^2^ = 58.235, P = .000). While Tim-3 expression (P = .000), TNM stage (P = .000), and tumor size (P = .008) were demonstrated by the multivariate regression analysis to be independent factors affecting the prognosis of patients with pancreatic cancer, a history of smoking (P = .052), fasting blood glucose (P = .502), and CA199 (P = .093) were not considered independent factors (see [Table 3](#t0015){ref-type="table"}).Table 3Cox multivariate regression analysis of the independent factors that may affect the prognosis of patients.BSEWalddfSig.Exp(B)95.0% CI was used for Exp(B)TopBottomTim-3−3.1550.74717.84810.0000.0430.0100.184TNM stage−2.6350.68714.69410.0000.0720.0190.276Tumor size−1.3290.5036.97110.0080.2650.0990.710History of smoking−0.9320.4793.77710.0520.3940.1541.008Fasting blood glucose−0.3270.4870.45010.5020.7210.2781.872CA199−0.7330.4362.83010.0930.4800.2041.129

4. Discussion {#s0055}
=============

The incidence of pancreatic cancer has increased in China in recent years, and is widely considered a top ten cause of cancer related mortality ([@b0030]). Specifically, ductal adenocarcinoma is considered among the top five most common causes of cancer deaths worldwide. It is predicted that, by 2030, pancreatic cancer in the USA will become the second leading cause of cancer related mortality ([@b0035]). With its low early diagnosis, high operation mortality, and low cure rates, compounded by poor prognosis, pancreatic cancer is observed to have a 5-year survival rate of only about 6% ([@b0040]).

T-cell immunoglobulin mucin (Tim) is mainly expressed on the surface of immune cells, and has a potential impact on tumor immune surveillance and evasion. Tim-3 is one of many transmembrane proteins that form the immunoglobulin family ([@b0045], [@b0050]). Several studies have shown Tim-3 to be a putative antitumor negative mediating factor because it can preferentially express on the exterior of activated Th1 cells ([@b0055]). A high Tim-3 expression in gastric, colorectal, liver, and other gastrointestinal cancers is observed to be closely related to tumor invasion, clinical prognosis, and TNM stage ([@b0005], [@b0010], [@b0060]). The function of Tim-3 in the study of autoimmune, inflammatory, and allergic diseases has received widespread attention. However, to what extent it is related to pancreatic cancer in tumor immunity remains to be elucidated.

In this study, Tim-3 expression observed in pancreatic cancer, pericarcinous, and normal pancreatic tissues was detected using immunohistochemistry. Tim-3 expression was observed to occur mostly within the cytoplasm of both pancreatic cancer and normal pancreatic tissues. Tim-3 expression in pancreatic cancer tissues was observed to be significantly higher (P \< .01) than in pericarcinous and normal pancreatic tissues. The differences between Tim-3 expression in pericarcinous and normal pancreatic tissues was not observed to be statistically significant (*P* \> .05). Tim-3 expression in pancreatic cancer and pericarcinous tissues, as well as clinicopathological parameters, were analyzed statistically. The immunohistochemical analysis revealed a significant difference (*P* \< .01) between Tim-3 positive expression rate in pancreatic cancer and pericarcinous tissues at 72.0% (36/50) and 28.0% (14/50), respectively. Therefore, high Tim-3 expression in pancreatic cancer tissue is suggestive of its importance as a marker of the invasion and metastasis of pancreatic cancer tissue.

Pancreatic cancer is observed to be complex, often involving changes and that lead to progressive accumulation of multiple factors, stages, and genes. While epidemiological investigations have confirmed the incidence of pancreatic cancer to be related to heredity, environment, and living habits, the specific molecular mechanisms remain unclear. The inactivation of oncogenes, tumor suppressor, and apoptotic genes has been observed to lead to the uncontrolled proliferation of pancreatic cells, which can lead to the formation of pancreatic tumor entities. Interestingly, the site mutation of the 12th codon of K-ras genes is observed to accompany 90% of pancreatic cancers ([@b0065]). The IL-27/NFIL-3 (nuclear factor in interleukin-3) pathway can promote the expression of Tim-3 on the cell membrane, and IL-27 can promote NFIL3 expression. Additionally, the interaction between NFIL3 and T-bet can promote the generation of Tim-3 and IL-10, which can indirectly lead to Tim-3 + T cell failure and tumor cell proliferation ([@b0070]). Tim-3 can also activate (IL-6)-signal transduction and signal transducers and activators of the transcription (STAT)-3 pathway to promote the growth of tumors and participate in metastasis ([@b0075]). Tim-3 can not only inhibit tumor infiltrating T cells, but also negatively regulate the innate immune cells in a tumor microenvironment ([@b0080]). Tim-3 was also observed to regulate various immune-mediated diseases ([@b0085]). While Tim-3 expression in the present study was closely correlated to the history of smoking, fasting blood glucose, tumor size, TNM stage, and CA199, it was not observed to be related to gender, age, tumor location, pathological type, and degree of tumor differentiation. The Cox multivariate regression analysis indicated that Tim-3 expression, TNM stage, and tumor size were independent factors observed to affect the prognosis of patients with pancreatic cancer. The survival curves further indicated that the median survival time of patients with Tim-3 positive expression was significantly shorter than those patients with a negative expression. The patients with high Tim-3 expression were observed to have a lower overall survival rate and worse prognosis than those patients with a low Tim-3 expression.

A high Tim-3 expression in pancreatic cancer tissues is suggestive of the importance of Tim-3 in the infiltration, development, invasion, and metastasis of pancreatic cancer. Tim-3 was observed to be related to the occurrence, development, invasion, and metastasis of pancreatic cancer; thus, it can be used as a prognostic index for clinical diagnosis and prognosis evaluation of pancreatic cancer. Tim-3 provides a new approach for the study of the pathogenesis, clinicopathological correlation, and prognosis of pancreatic cancer, as well as a new basis and therapeutic target for pancreatic cancer gene therapy. Therefore, studying the relationship between Tim-3 and pancreatic cancer has been demonstrated to have important theoretical value and potential applications.
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